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1. Introduction 
 
Flash flood is rapid flooding of geomorphic 
low-lying areas. Flash flood can be caused by 
heavy rain pouring on saturated soil or dry soil 
that has poor absorption ability or on 
impermeable area. Flash flood is common 
occurrence in urban areas including Johor 
Bahru [1], Batu Pahat [2], Kuala Lumpur [3], 
Butterworth [4], and Kota Bharu [5].  
Malaysia climate is characterised by 
monsoonal sunny and rainy days throughout the 
year with an average annual rainfall and 
temperature of 250 cm and 27°C, respectively. 
However, global warming that leads to 
variability in weather conditions has affected 
characteristics and trends of rain. An example 
of such climate variability is the extreme rain 
event that has caused severe flooding of 
Kuantan in 2004 [6].  
Hence, the variability of climatic variables 
such as rain should be studied for better severe 
weather impact preparedness. Statistical studies 
on rain characteristics involves the application 
of Mann-Kendall, moving average, and linear 
regression, among other methods [7-11]. 
Throughout the year, Malaysia was 
influenced by two monsoons, i.e. the south-
west monsoon (from May to September) and 
north-east monsoon (from November to March) 
[12-13]. Effect of the monsoons and their inter-
monsoons on rainfall distributions are 
discussed in the paper.  
  The goal of study is to obtain the 
characteristics and trends of rainfall at two 
cities in Peninsular Malaysia, i.e. Johor Bahru 
and Kota Bharu. Kota Bahru, located on the east 
coast receives heavy rain during the north-east 
monsoon. Meanwhile, Johor Bahru which is 
situated on the west coast of Peninsular 
Malaysia is affected by the south-west 
monsoon.  
 Records of 13-year rainfall observed at the 
respective rain-gauge stations in the two cities 
are used in the statistical analysis. 
 
2.  Material and Method 
 
Rainfall record 
Rainfall depth observation from two rain-
gauge stations, no. 1437116 JPS Stor Johor 
Bahru station and no. 6122064 JPS Stor Kota 
Bharu station were used in the study (Fig. 1). 
The characteristics of 13-year daily rainfall 
record (between 2004 and 2016) from both 
stations are discussed. These rain-gauge 
stations are maintained by the Department of 
Drainage and Irrigation (DID), Malaysia. At 
these stations, rainfall depth is recorded with 
automatic data logger.  
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Fig. 1  Location of rain-gauge stations 
 
 
Data treatment 
 Incomplete rainfall record is common due to 
equipment malfunctions and loss of recording, 
among others. Considering observations from 
three neighbouring rainfall stations, the normal 
ratio method has been used to treat a total of 
three months (1.9%) of incomplete rainfall 
observations for Kota Bharu station.  
 
Characteristics of rainfall events 
The rainfall records are found to be 
homogeneous after Pettitt test at α = 0.05. 
Characteristics and trends of annual and 
monthly rainfall were discussed based on 
Mann-Kendall and Sen’s slope methods.  
The effect of monsoons is examined in terms 
of average monthly rainfall, categorized as (i) 
Cluster 1: north-east monsoon; (ii) Cluster 2: 
south-west monsoon; (iii) Cluster 3: inter-
monsoon in April; and (iv) Cluster 4: inter-
monsoon in October. Further, period of dry and 
wet days is also determined. It is a wet day if 
mean daily precipitation P > 0.5 mm. 
 
Mann-Kendall test 
Man-Kendall test has been widely used to 
determine rainfall trend, i.e. monsoonal rainfall 
in Kerala, India [14], daily and monthly rainfall 
concentration in southern Italy [15], and 
climate variability in the arid and semi-arid 
environments of Iran [16], to name a few. 
A non-parametric trend test has first been 
proposed by [17], further studied by [18] and 
improved by [19] to include for seasonality 
effect. 
The null hypothesis H0 for these tests is that 
there is no trend in the series. Three alternative 
hypotheses are that there is a negative, non-null, 
or positive trend of rainfall. 
The Mann-Kendall test is based on the 
calculation of . Kendall’s 1 <  < 1 is a 
measure of association between two samples, 
which ranks itself with the samples. Mann-
Kendall statistics S is  
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For n ≥ 8, statistics S is approximately normally 
distributed, with mean E(S) = 0 and variance 
V(S) of 
 
     
18
521521
1




g
m
mmm tttnnn
SV  (3) 
where, tm denotes number of tied groups to 
extent of m. The statistical test ZS is given as 
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A positive value of S indicates an increasing 
trend, and vice versa. The trend is significant if 
ZS is greater than the standard normal variate 
2
Z at significance α = 5%.  
 
3. Characteristics and Trend Analysis  
 
Annual rainfall  
 Fig. 2 shows total annual and monthly 
average rainfall distribution between 2004 and 
2016. Minimum and maximum annual rainfall 
observed are 1708.0 (in 2005) mm and 3455.5 
mm (in 2007) at Johor Bahru, and 1036.3 mm 
(in 2006) and 3037.0 mm (2009) at Kota Bharu. 
Both Johor Bahru and Kota Bharu cities are 
prone to flash floods.  
 Monthly average rainfall varies between 
166.5 mm (in 2013) and 345.6 mm (in 2007) at 
Johor Bahru. Meanwhile, monthly average 
rainfall at Kota Bharu ranges fluctuates 
between 86.4 mm (2006) and 253.1 mm (2009). 
Highest difference in total annual rainfall and 
monthly average rainfall between the two 
City: Kota Bahru  
Stn: JPS Stor Kota 
Bharu (no. 6122064) 
Coord: 12815N, 
1034510E 
City: Johor Bahru 
Stn: JPS Stor Johor 
Bahru (no. 1437116) 
Coord: 60800N, 
102°1510E 
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stations occurs in 2007, followed by 2006. In 
the end of 2006 and early 2007, Johor Bahru has 
been hit by major floods.   
 
 
 
Fig. 2 Distribution of annual rainfall and monthly average rainfall of Johor Bahru and Kota Bharu 
between 2004 and 2016 
 
 Table 1 shows descriptive statistics of 
annual rainfall for Johor Bahru and Kota Bharu. 
Standard deviation and variation shows annual 
rainfall of Kota Bharu spread out more widely 
than Johor Bahru. Meanwhile, skewness of 
annual rainfall shows the asymmetrical 
distribution of both stations. Kurtosis indicated 
that annual rainfall at both stations has a flat and 
wide distribution. 
 
Table 1 Descriptive statistics of annual rainfall 
for Johor Bahru and Kota Bharu. 
 
Parameter 
Station 
Johor Bahru Kota Bharu 
Median P50 (mm) 2404.0 2323.5 
Mean P (mm) 2525.6 2208.9 
Std deviation  (mm) 525.54 698.25 
Coef. of variation Cv 0.199 0.303 
Pearson skewness Cs 0.480 0.432 
Pearson kurtosis Ck 0.658 0.953 
   
 The trend analyses for both stations are 
shown in Table 2. Mann-Kendall does not show 
distinctive trend of annual rainfall (p > α) for 
both cities. Nevertheless, annual rainfall 
observed at Johor Bahru has a negative 
correlation during the period, which shows that 
there is a decreasing trend in annual rainfall, in 
contrast with Kota Bharu. 
 
 
 
 
 
Table 2 Trend analysis of annual rainfall for 
Johor Bahru and Kota Bharu (α = 0.05) 
 
Mann-Kendall Johor Bahru Kota Bharu 
Kendall’s  0.121 0.091 
p-value 0.638 0.737 
Sen’s slope 15.99 38.05 
R2 0.109 0.155 
 
Monthly rainfall 
Fig. 3 shows distribution of total monthly 
rainfall for Johor Bahru and Kota Bharu. The 
total monthly rainfall varies from 0.5 mm to 
914.0 mm (December 2006) for Johor Bahru 
and 1072.5 mm (December 2012) for Kota 
Bharu. Kota Bharu and Johor Bahru receive 
high total monthly rainfall mostly in November 
and December.  
Table 3 shows descriptive statistics on 
monthly rainfall for Johor Bahru and Kota 
Bharu.  
 
Table 3 Descriptive statistics of total monthly 
rainfall for Johor Bahru and Kota Bharu 
 
Parameter 
Station 
Johor Bahru Kota Bharu 
Median P50 (mm) 206.0 130.0 
Mean P (mm) 230.0 185.8 
Std deviation  (mm) 136.5 188.2 
Coef. of variation Cv 0.591 1.069 
Pearson skewness Cs 1.218 2.145 
Pearson kurtosis Ck 3.147 5.306 
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Fig. 3 Total monthly rainfall observed from year 2004 to 2016 at Johor Bahru and Kota Bharu 
 
 Skewness of total monthly rainfall depth 
shows that its distribution is positively skewed. 
Meanwhile, the kurtosis indicated that both 
stations have rainfall distribution with sharp 
peak.   
 Mann-Kendall test (Table 4) shows that an 
insignificant trend exists for monthly rainfall 
observed at Johor Bahru, with p < α. There is a 
negative correlation in total monthly rainfall 
observed at Johor Bahru, which reflects 
decreasing trends. 
 
Table 4 Trend analysis of total monthly rainfall 
(α = 0.05, autocorrelation = Hamed & Rao 
method [19]) 
 
Rainfall station Johor Bahru Kota Bharu 
Mann-Kendall method 
Kendall’s  0.108 0.057 
p-value 0.046 0.293 
Sen’s slope 0.45 0.227 
Seasonal Mann-Kendall test 
Kendall’s  0.120 0.019 
p-value 0.063 0.782 
R2 0.03 0.008 
 
Meanwhile, total monthly rainfall trends 
observed for Kota Bharu begs to differ. The 
trends exhibited for total monthly rainfall is 
similar to the trends of total annual rainfall for 
both stations. The very small value of R2 shows 
there is no consistent trend of total monthly 
rainfall for both stations. Further, the seasonal 
Mann-Kendall also found that there is no trend 
for both stations with p > α. 
 
Seasonal rainfall 
 Fig. 4 shows monthly rainfall intensity over 
period of 13 years of four monsoons. 
Cluster 1 
 North-east monsoon is dominated by north-
east winds that blow over South China Sea at 
10 to 30 knots between November and March 
[13]. Rainfall intensity is observed to range 
from 50 mm/month to 300 mm/month from 
January to March. Higher rainfall of more than 
300 mm/month is observed in the months of 
November and December. According to 
[20,21], Johor has been hit by a series of storm 
events that caused floods in December 2006 
and January 2007 [3] reported that in Kota 
Bahru, 1,000 residents have to be transferred to 
higher grounds due to floods. In November 
2009, floods also affected Tumpat, Pasir Mas 
and Jeli.
 
 
 
Fig. 4 Monthly rainfall intensity of Cluster 1 (north-east monsoon), Cluster 2 (south-west monsoon), 
Cluster 3 (inter-monsoon 1) and Cluster 4 (inter-monsoon 2) over 2004 to 2016 observed at 
Johor Bahru and Kota Bharu.
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Cluster 2 
 The south-west monsoon is influenced by 
south-west winds that blows at speed less than 
15 knots between May and September [13]. The 
average rainfall ranged between 100 mm/month 
to 200 mm/month except in May (Johor Bahru). 
Although intensity of rain is not as high as in 
November and December, flash flood still 
occurs in Johor Bahru [22]. 
 
Clusters 3 and 4 
 During inter-monsoons (October), average 
rainfall is approximately 230 mm/month for 
both stations. However, in April, there is a 
difference of as much as 250 mm/month of 
rainfall between these stations.  
 Generally, Johor Bahru received higher 
rainfall concentration ranging from 38.5 mm to 
500 mm within the 13 years compared to Kota 
Bharu.  
 
Dry and wet days 
 Total number of dry and wet days within 
each month is shown in Fig. 5. For Kota Bharu, 
the incomplete rainfall of July, August and 
September 2008 is shown as a gap of the record. 
During the 13-year period, there are 52% of wet 
days in Johor Bahru and 45% of wet days in 
Kota Bharu. In average, the number of dry and 
wet days are between 12 and 18 days monthly 
for both stations. 
 
 
Fig. 5 Total dry and wet days within a month at Johor Bahru and Kota Bharu for year 2004 to 2016 
 
Fig. 6 shows the frequency and probability of 
wet and dry days for both stations. Johor Bahru 
and Kota Bharu recorded highest frequency of 
1-day wet period with probability of 0.41 and 
0.38, respectively.  Highest count of dry days is 
recorded in February for both stations, while 
most number of wet days for Kota Bharu and 
Johor Bahru appeared in November and April, 
respectively. 
 For Johor Bahru, longest period of dry and 
wet days in a month is 26 days and 17 days, 
respectively. However, 3-day successive period 
of dry and wet days have achieved probability 
of more than 0.1. Meanwhile, longest period of 
dry and wet days in a month for Kota Bharu is 
29 days and 25 days, respectively. The 
probability of having 4-days of wet period is 
0.13.  
 Higher number of wet days was found to 
occur during the north-east monsoon with 
44.4% at Kota Bharu and 41.6% at Johor Bahru. 
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Fig. 6 Number of dry and wet days and its probability from year 2004 to 2016 at (a) Johor Bahru, 
and (b) Kota Bahru 
 
4. Conclusion 
 
Annual and monthly rainfall characteristics of 
2004 to 2016 record were analysed for Johor 
Bahru and Kota Bharu. In December 2006 
alone, Johor received a total of 914.0 mm rain. 
Meanwhile, in December 2012, Kota Bharu 
received a total of 1072.5 mm of rainfall.  
Based on Mann-Kendall test, no obvious 
trend is shown in rainfall distribution at both 
stations. Longer rainfall observation is required 
to establish significant trend.  
Successive period of dry and wet days which 
achieved probability of more than 0.1 are 3 days 
and 4 days for Johor Bahru and Kota Bharu, 
respectively. 
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